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Introduction
============

Female sterilization is one of the most commonly used methods of contraception worldwide and is adopted by over 10 million women of reproductive age in the United States.[@ref1] Bilateral tubal ligation via laparoscopic approach or mini-laparotomy has been the primary technique for decades; and implant based sterilization by means of a hysteroscopic approach was developed as a less invasive alternative. The "Essure" device received approval in Europe (Conformité Européenne (CE) mark) in 2001 and was approved by the US Food and Drug Administration (FDA) in 2002.[@ref2] It is used in North America, Europe, Australia, New Zealand, Central and South America, and the Middle East.[@ref3]

The hysteroscopic procedure with Essure device does not require general anesthesia, and its safety has been considered to be similar or superior to that of laparoscopic sterilization.[@ref4] However, the hysteroscopic approach was reported to be associated with a higher risk of unintended pregnancy and has a three month post-procedure waiting period before sterilization becomes effective.[@ref4] Unintended pregnancies can be considered as a failure of the procedure and can lead to a higher risk of potentially lethal ectopic pregnancies.[@ref5] Other reported complications related to device include pelvic pain, hemorrhage, and device migration or incompatibility[@ref6] that can lead to reoperation. Since the Essure device's approval, thousands of reports of adverse events related to the device have been received by the FDA, and device failure became a subject of litigation in 2014.[@ref6] [@ref7] [@ref8]

The only prospective data regarding safety and efficacy of hysteroscopic sterilization was reported by phase II and phase III studies sponsored by the manufacturer.[@ref9] [@ref10] [@ref11] No randomized controlled trial or large comparative cohort study has been conducted to compare the efficacy and safety of the implant based hysteroscopic procedure with the traditional laparoscopic procedure. The purpose of our study was to evaluate the performance, safety, and other outcomes of hysteroscopic sterilization compared with laparoscopic sterilization using statewide and all-inclusive population data. Our secondary objective was to conduct subgroup analyses by age and important risk factors.

Methods
=======

Data source
-----------

We used data from New York State Department of Health Statewide Planning and Research Cooperative System (SPARCS) to conduct an observational cohort study. Established in 1979, SPARCS is an all age group, all payer database that collects patient and treatment information for every hospital discharge, outpatient service, ambulatory surgery, and emergency department record in New York State.[@ref12] The data contains patient characteristics, primary and secondary diagnoses and procedures, length of stay, and charges. A unique personal identifier is assigned to every patient and encrypted to allow longitudinal analyses without compromising the confidentiality of the records.

Study population
----------------

Using CPT-4 (Current Procedural Terminology coding system, fourth edition) and ICD-9-CM (international classification of diseases, ninth revision, clinical modification) codes, we identified women undergoing hysteroscopic sterilization (CPT-4 58565) or laparoscopic sterilization (CPT-4 58670, 58671; ICD-9-CM 66.2x, 66.3x) with the encounter of sterilization (ICD-9-CM V25.2) between 2005 and 2013 in New York State. The CPT code for hysteroscopic sterilization was released at the end of 2004 and became available in SPARCS in 2005. We only included patients who underwent the procedure in an outpatient setting for interval sterilization for the purpose of valid comparison. Patients who underwent sterilization via laparotomy or concurrent with other abdominal procedures were excluded. We defined the first sterilization procedure available for each patient in SPARCS as the index procedure within the 2005-13 study period. Patients who had previously undergone sterilization procedures were excluded from the final cohort as those were not eligible cases to be considered as the index procedure. In total, 52 326 women were included in the final analyses (see appendix A in supplementary data).

Variable definitions
--------------------

Patient characteristics included age (\<30, 30-39, and ≥40 years), race and ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and other), insurance status (Medicare, Medicaid, commercial, and other), comorbidities, previous pelvic inflammatory disease, history of major abdominal surgery, history of cesarean section, and anesthesia received during the procedure. Age was categorized based on previous description on sterilization patterns in the US.[@ref1] Major comorbidities were identified using algorithms validated by Elixhauser,[@ref13] they include coronary artery disease, hypertension, congestive heart failure, diabetes, chronic pulmonary disease, obesity, anemia, peripheral vascular disease, cerebrovascular disease, renal failure, and depression. Patients with pelvic adhesions, such as from previous surgery and pelvic inflammatory disease, traditionally were not considered good candidates for laparoscopic sterilization[@ref14] and have been shown to have higher risks of complications after surgery.[@ref15] [@ref16] Therefore, we included prior history of pelvic inflammatory disease, major abdominal surgery, and cesarean section (from hospitalization and outpatient records) before their index surgery date since 1995 (the first year SPARCS data were available for our use). ICD-9 and CPT codes were used to identify history of pelvic inflammatory disease, major abdominal surgery, and cesarean section. History of pelvic inflammatory disease was determined based on any records identified from the database, including inpatient, outpatient, and emergency room settings.

Outcomes included procedure time and total charges; 30 day surgical safety; and one year follow-up for unintended pregnancy, ectopic pregnancy, and reoperation after the initial procedure. The 30 day surgical safety events included iatrogenic complications (hemorrhage or hematoma complicating a procedure and accidental puncture or laceration) and major medical complications (acute myocardial infarction, stroke, pulmonary embolism, perioperative shock, and respiratory complications). Pregnancy was identified from inpatient, emergency room and outpatient admission specifically for pregnancy related care, including prenatal tests and exams and care of ectopic or abortive pregnancy or other abnormal pregnancy after the index procedure. Patients who had a tubal reversal surgery or in vitro fertilization and became pregnant were not defined as unintended pregnancy. Reoperation was determined based on repeated sterilization procedures and identified using ICD-9 and CPT codes in subsequent records during follow-up. In the main analyses, follow-up was limited to one year to avoid loss of follow-up because of relocation of patients. Longer term analysis was conducted to evaluate unintended pregnancy and reoperation within two and three years. Detailed definition of outcome variables are listed in appendix B in the supplementary data.

Statistical analyses
--------------------

Use of hysteroscopic sterilization and laparoscopic sterilization over time were inspected graphically and within age groups. Trend in use was assessed with Cochran-Armitage trend test. Baseline characteristics were compared between patients undergoing hysteroscopic and laparoscopic sterilization. Events and percentages were presented for patient demographics and comorbidities. In-hospital, 30 day, and one year outcomes were examined for each group. Differences per 1000 patients and 95% confidence intervals were calculated for unadjusted categorical outcomes. Differences in median and interquartile ranges were obtained for continuous outcomes. We used χ^2^ tests for categorical variables and Wilcoxon rank sum tests for continuous variables to compare differences in baseline characteristics and unadjusted outcomes between groups.

Because of the structure of data---where patients were nested in institutions where procedures were performed---we used random effects models (generalized linear mixed model and frailty model) to account for variations between institutions.[@ref17] A generalized linear mixed model, including hospital clustering as a random effect, was adopted to compare 30 day safety and one, two, and three year outcomes between the two groups. We adjusted the model for patient age, ethnicity, insurance status, procedure year, major comorbidities and history of pelvic inflammatory disease, major abdominal surgeries, and cesarean section. Time to reoperation was inspected graphically and evaluated using time to event analysis. A frailty model was used to account for hospital clustering in adjusted analysis.

Subgroup analysis was performed among patients of different age group and among patients with or without history of pelvic inflammatory disease respectively. A similar method was applied to subgroup analysis. All analyses were performed using SAS v9.3 (SAS Institute, Cary, NC). Statistical significance was defined as P\<0.05.

Sensitivity analyses to address missing data
--------------------------------------------

We used three strategies to handle missing data: (*a*) exclusion of individuals with missing characteristics, (*b*) creation of a "missing" category, and (*c*) multiple imputation. We created a non-missing experimental sample by including only patients who had complete information. To improve reliability of our analyses, we partitioned data into a 70% training sample and a 30% validation sample. Using reoperation at one year as our outcome variable, estimates of odds ratio from the non-missing sample were regarded as the "true estimate." To simulate the situation, missing race information was assigned to 2% of patients and missing insurance payer information was assigned to 0.1% of patients randomly. Multiple imputation with logistic regression methods was developed and compared with exclusion of individuals with missing characteristics and with creation of a missing category to cope with missing data. The multiple imputation strategy developed was then validated on the 30% validation sample.

Estimates of odds ratios yielded by the three approaches were summarized and included in appendix C of the data supplement. Strategies (*b*) and (*c*) obtained similar results, with creation of a missing variable category being slightly more accurate when compared with the "true estimate," but the results were all comparable.

Ethical approval
----------------

This study was approved by the Weill Cornell Medical College Institutional Review Board (protocol number 1209013064).

Patient involvement
-------------------

No patients were involved in setting the research question or the outcome measures, nor were they involved in the design and implementation of the study. There are no plans to involve patients in dissemination.

Results
=======

In total, 8048 women underwent implant based hysteroscopic sterilization and 44 278 underwent laparoscopic sterilization in outpatient setting between 2005 and 2013 in New York State. Over the study period, the use of the two interval sterilization procedures decreased by 39.9% (from 7897 to 4748) (fig 1[](#fig1){ref-type="fig"}). However, hysteroscopic sterilization increased from 45 cases to 1231 cases, representing a rise from 0.6% to 25.9% of all cases (P\<0.01). Use of laparoscopic procedure decreased from 7852 to 3517 over the same time. Use of hysteroscopic sterilization increased in all three age groups and was highest among women aged ≥40 years (fig 2[](#fig2){ref-type="fig"}).

![**Fig 1** Number of hysteroscopic sterilization and laparoscopic sterilization procedures between 2005 and 2013 in New York State](maoj027583.f1_default){#fig1}

![**Fig 2** Use of hysteroscopic sterilization by age group between 2005 and 2013 in New York State](maoj027583.f2_default){#fig2}

Most women undergoing sterilization procedures were in the age group 30-39 years (55.2%) and had a commercial insurance (55.9%) (P\<0.01) (table 1[](#tbl1){ref-type="table"}). Compared with the patients undergoing laparoscopic sterilization, a larger proportion of patients undergoing hysteroscopic sterilization were ≥40 years old (25.2% *v* 20.5%, P\<0.01), had Medicaid coverage (43.6% *v* 37.1%, P\<0.01), and had one or more comorbidities (19.7% *v* 13.0%, P\<0.01). Prevalence of previous pelvic inflammatory disease was also higher among patients undergoing hysteroscopic sterilization (10.3% *v* 7.2%, P\<0.01). Patients in the hysteroscopic group were also more likely to have a history of major abdominal surgery (9.4% *v* 7.9%, P\<0.01) or cesarean section (23.2% *v* 15.4%, P\<0.01).
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Demographics and comorbidities of patients undergoing hysteroscopic and laparoscopic sterilization between 2005 and 2013 in New York State. Values are numbers (percentages) of patients unless stated otherwise

                                           Hysteroscopic sterilization (n=8048)   Laparoscopic sterilization (n=44 278)   P value of difference
  ---------------------------------------- -------------------------------------- --------------------------------------- -----------------------
  Age (years):                                                                                                            \<0.01
   \<30                                    1601 (19.9)                            10 715 (24.2)                           
   30-39                                   4416 (54.9)                            24 484 (55.3)                           
   ≥40                                     2031 (25.2)                            9079 (20.5)                             
  Ethnicity\*:                                                                                                            \<0.01
   White (non-Hispanic)                    3871 (48.5)                            23 289 (54.0)                           
   Black (non-Hispanic)                    1400 (17.5)                            6283 (14.6)                             
   Hispanic                                1760 (22.0)                            9273 (21.5)                             
   Other                                   957 (12.0)                             4298 (10.0)                             
  Medical insurance†:                                                                                                     \<0.01
   Medicare                                166 (2.1)                              796 (1.8)                               
   Medicaid                                3508 (43.6)                            16 398 (37.1)                           
   Commercial                              4005 (49.8)                            25 218 (57.0)                           
   Other                                   368 (4.6)                              1821 (4.1)                              
  No of major comorbidities:                                                                                              \<0.01
   0                                       6467 (80.4)                            38 551 (87.1)                           
   1                                       1197 (14.9)                            4725 (10.7)                             
   ≥2                                      384 (4.8)                              1002 (2.3)                              
  History of pelvic inflammatory disease   832 (10.3)                             3166 (7.2)                              \<0.01
  History of major abdominal surgery       757 (9.4)                              3519 (7.9)                              \<0.01
  History of cesarean section              1867 (23.2)                            6797 (15.4)                             \<0.01

\*2.3% of patients missing ethnicity information.

†0.1% of patients are missing insurance information.

Unadjusted analyses
-------------------

Surgical iatrogenic complications and major medical complications following both procedures were rare (\<0.5%) (table 2[](#tbl2){ref-type="table"}). Unintended pregnancy occurrence was similar after hysteroscopic sterilization and laparoscopic sterilization (1.2% *v* 1.1%, P=0.66). However, reoperation risk within one year was higher after hysteroscopic sterilization procedure (2.4% *v* 0.2%, P\<0.01). Hysteroscopic procedures were associated with shorter procedure time (median 36 min *v* 52 min, P\<0.01), less frequent use of general anesthesia (50.6% *v* 75.8%, P\<0.01), but higher total charges (median \$7832 *v* \$5068, P\<0.01).
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Procedure related data, unadjusted 30 day safety, and one year outcomes after hysteroscopic and laparoscopic sterilization between 2005 and 2013 in New York State. Values are numbers (percentages) of patients unless stated otherwise

                                          Hysteroscopic sterilization   Laparoscopic sterilization   Difference (95% CI)\*   P value
  --------------------------------------- ----------------------------- ---------------------------- ----------------------- ---------
  **In hospital**                         **(n=8048)**                  **(n=44 278)**                                       
  General anesthesia                      4072 (50.6)                   33 551 (75.8)                −252 (−263 to −240)     \<0.01
  Median (IQR) procedure time (minutes)   36 (22 to 52)                 52 (35 to 70)                −16 (−18 to −13)        \<0.01†
  Median (IQR) total charges (\$)         7832 (5636 to 10 039)         5068 (3622 to 6996)          2764 (2014 to 3043)     \<0.01†
  **30 day follow-up‡**                   **(n=7969)**                  **(n=44 014)**                                       
  Iatrogenic complications                14 (0.2)                      188 (0.4)                    −3 (−4 to −1)           \<0.01
  Major medical complications             NR                            35 (0.1)                     NR                      0.90
  **One year follow-up‡**                 **(n=6817)**                  **(n=40 761)**                                       
  Pregnancy                               79 (1.2)                      448 (1.1)                    1 (−3 to 4)             0.66
  Ectopic pregnancy                       NR                            59 (0.1)                     NR                      0.03
  Reoperation                             162 (2.4)                     99 (0.2)                     21 (18 to 25)           \<0.01

IQR=interquartile range. NR=not reportable for events fewer than 10.

\*Difference was calculated as difference in median (IQR) for procedure time and total charges, and as additional or fewer events per 1000 women other variables.

†P values obtained from Wilcoxon rank sum test.

‡Patients who received the procedure during the last month of 2013 were excluded for 30 day follow-up. Patients who received the procedure in 2013 were excluded for one year follow-up.

Adjusted analyses
-----------------

After adjusting for patient characteristics and hospital clustering, we found hysteroscopic sterilization was associated with lower risk of iatrogenic complications within 30 days after surgery compared with laparoscopic sterilization (odds ratio 0.35 (95% confidence interval 0.20 to 0.61)) (table 3[](#tbl3){ref-type="table"}). Hysteroscopic sterilization was not associated with a higher risk of unintended pregnancy (odds ratio 0.84 (0.63 to 1.12)). However, the odds of reoperation were much higher after hysteroscopic sterilization compared with laparoscopic sterilization (odds ratio 10.16 (7.47 to 13.81)).
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Adjusted 30 day safety and one year outcomes after hysteroscopic and laparoscopic sterilization between 2005 and 2013 in New York State. Values are odds ratios (95% confidence intervals)

                                Hysteroscopic *v* laparoscopic sterilization   Ages (years)           History *v* no history of pelvic inflammatory disease   
  ----------------------------- ---------------------------------------------- ---------------------- ------------------------------------------------------- ---------------------
  **30 day follow-up\***                                                                                                                                      
  Iatrogenic complications      0.35 (0.20 to 0.61)                            1.61 (1.02 to 2.54)    1.17 (0.77 to 1.77)                                     1.52 (0.98 to 2.35)
  Major medical complications   0.70 (0.28 to 1.78)                            0.46 (0.17 to 1.23)    0.68 (0.32 to 1.46)                                     1.87 (0.84 to 4.17)
  **One year follow-up†**                                                                                                                                     
  Pregnancy                     0.84 (0.63 to 1.12)                            1.62 (1.13 to 2.33)    1.83 (1.32 to 2.53)                                     3.72 (3.00 to 4.59)
  Ectopic pregnancy             0.34 (0.10 to 1.13)                            3.49 (1.00 to 12.19)   3.51 (1.07 to 11.58)                                    2.89 (1.59 to 5.25)
  Reoperation                   10.16 (7.47 to 13.81)                          1.06 (0.70 to 1.59)    1.17 (0.84 to 1.63)                                     1.67 (1.16 to 2.41)

\*Patients who received the procedure during the last month of 2013 were excluded for 30 day follow-up.

† Patients who received the procedure in 2013 were excluded for one year follow-up.

Model accounted for hospital clustering and adjusted for patient age, race, insurance status, year of procedure, major comorbidities, and history of pelvic inflammatory disease, major abdominal surgeries, and cesarean section.

Using time to event analysis for one year reoperation, we found the average time to reoperation was 20.0 and 22.9 weeks for women undergoing hysteroscopic sterilization and laparoscopic sterilization respectively (appendix D in data supplement). The risk of undergoing reoperation within one year after the initial procedure was again more than 10 times higher among women who underwent hysteroscopic sterilization with an implant (hazard ratio 10.13 (7.50 to 13.68)).

Outcomes at two and three years after the procedure
---------------------------------------------------

In these analyses, hysteroscopic sterilization was consistently associated with higher odds of reoperation but similar odds of pregnancy compared with laparoscopic sterilization (appendix E in data supplement). Patients undergoing hysteroscopic sterilization were eight times more likely to undergo a reoperation at two years after initial surgery (odds ratio 7.96 (6.00to 10.57)) and six times more likely at three years (odds ratio 5.88 (4.44 to 7.79)).

Risk factors and subgroup effects
---------------------------------

Among other risk factors, younger age was associated with higher risk of pregnancy but not reoperation after the procedures (table 3). Having a history of pelvic inflammatory disease was related to increased risks of 30 day safety events as well as one year pregnancy and reoperation. A history of pelvic inflammatory disease was associated with four times higher odds of unintended pregnancy (odds ratio 3.72 (3.00 to 4.59)) and two times higher odds of undergoing reoperation (odds ratio 1.67 (1.16 to 2.41)).

In subgroup analyses, hysteroscopic sterilization was associated with higher odds of reoperation but not of pregnancy compared with laparoscopic sterilization across all age groups (table 4[](#tbl4){ref-type="table"}). Within the group of patients with a history of pelvic inflammatory disease, the odds of pregnancy were lower after hysteroscopic sterilization compared with laparoscopic sterilization (odds ratio 0.54 (0.32 to 0.89)), but hysteroscopic sterilization was again associated with a higher odds of reoperation (odds ratio 4.10 (1.99 to 8.45)).

###### 

Unadjusted events and adjusted odds ratios of one year outcomes after hysteroscopic and laparoscopic sterilization stratified be age and history of pelvic inflammatory disease between 2005 and 2013 in New York State. Values are numbers (percentages) of patients unless stated otherwise

                                             Unintended pregnancy               Reoperation                                     
  ------------------------------------------ ---------------------- ----------- --------------------- -- ----------- ---------- -----------------------
  Age group (years)†:                                                                                                           
   \<30                                      23 (1.7)               113 (1.1)   1.09 (0.62 to 1.90)      36 (2.7)    22 (0.2)   11.06 (5.93 to 20.61)
   30-39                                     50 (1.3)               293 (1.3)   0.76 (0.53 to 1.09)      90 (2.4)    63 (0.3)   8.83 (5.98 to 13.04)
   ≥40                                       NR                     42 (0.5)    0.47 (0.19 to 1.19)      36 (2.0)    14 (0.2)   14.53 (6.55 to 32.21)
  History of pelvic inflammatory disease‡:                                                                                      
   Yes                                       26 (4.0)               172 (6.3)   0.54 (0.32 to 0.89)      18 (2.8)    21 (0.8)   4.10 (1.99 to 8.45)
   No                                        53 (0.9)               276 (0.7)   0.97 (0.69 to 1.36)      144 (2.3)   78 (0.2)   12.52 (8.85 to 17.72)

NR=Not reportable for events fewer than 10.

\*Laparoscopic group is the reference group for comparisons.

†Adjustments in age stratified analyses accounted for hospital clustering, patient ethnicity, insurance status, procedure year, and major comorbidities including history of pelvic inflammatory disease, major abdominal surgeries, and cesarean section.

‡Adjustments in analyses stratified for pelvic inflammatory disease history accounted for hospital clustering, patient age, ethnicity, insurance status, procedure year, and major comorbidities including history of major abdominal surgeries and cesarean section.

Discussion
==========

In our study, we found an over 10-fold higher risk of reoperation associated with hysteroscopic sterilization with the Essure device compared to laparoscopic sterilization, translating into about 21 additional reoperations per 1000 patients undergoing surgery. Meanwhile, the occurrence of unintended pregnancy was not different in the two groups. We also found that the use of device based hysteroscopic sterilization increased from 0.6% of all surgeries in 2005 to 25.9% in 2013 and was more often performed in older patients and those with higher comorbidity compared with laparoscopic tubal ligation.

Comparison with other studies
-----------------------------

Since the publication of multicenter cohort study including 9475 patients over 15 years ago, laparoscopic tubal ligation has been considered safe, with only rare occurrence of severe morbidity.[@ref15] Recently, hysteroscopic sterilization was also reported to be relatively safe in a review study that evaluated various complications.[@ref18] However, the comparative safety of laparoscopic tubal ligation and device based hysteroscopic sterilization procedure has not been studied. To the best of our knowledge, our study is the first population cohort based comparative investigation of safety and efficacy of two widely used procedures for permanent birth control. We confirmed that initial hysteroscopic and laparoscopic sterilization procedures are relatively safe, but charges for hysteroscopic sterilization were higher despite shorter operative time, similar occurrence of complications, and less frequent use of general anesthesia. Future studies with more detailed information on charges are needed to better understand whether charges translate into higher costs for hysteroscopic surgery. General anesthesia was less frequently used when performing hysteroscopic sterilization compared with laparoscopic sterilization but it was still used in about half of the patients. This finding is remarkable in light of the marketing and proposed benefits of avoiding general anesthesia associated with the Essure device.

The risks of experiencing unintended pregnancy after hysteroscopic and laparoscopic sterilization were higher in our study than those reported in previous studies. The US Collaborative Review of Sterilization (CREST) study in the 1990s reported that the cumulative 10 year probability of pregnancy following tubal ligation was 1.3%.[@ref19] The risk of unintended pregnancy following tubal ligation was believed to be lower than 1% during the first year after procedure.[@ref20] Meanwhile, hysteroscopic sterilization was shown to be 99.83% effective based on a five year clinical study.[@ref6] The newly released long term follow-up of a phase III study observed no pregnancy following hysteroscopic sterilization.[@ref11] A retrospective study from France conducted from 2006 to 2010 reported pregnancy rates of 0.36% and 0.46% after hysteroscopic and laparoscopic sterilization procedures respectively.[@ref21]

Several factors may have contributed to the difference between our findings and prior evidence on unintended pregnancies. The published data were mostly based on highly selected clinical investigations or small studies. Clinical trials are conducted in a way different from real world settings and usually include only patients who are the best candidates for the procedure.[@ref22] For example, patients with history of pelvic inflammatory disease were not well represented in prior investigations.[@ref9] We conducted subgroup analyses of pelvic inflammatory disease patients and found significantly higher risk of pregnancy in this subgroup following both procedures. In addition, single or multicenter studies were usually conducted at selected high volume medical facilities, which perform better than most facilities in the entire state or country. The study from France was a population based study,[@ref21] but it captured pregnancy only through discharge records of hospitalization for pregnancy or delivery. This may lead to underestimation of risk of unintended pregnancy following procedures, with the omission of miscarriage or abortion not requiring hospitalization. Our study was able to identify prenatal tests following sterilization and provide more accurate estimates. In addition, sterilization is indicated for women aged over 40 in France,[@ref21] who had lower probability of pregnancy. In our subgroup analyses of women aged over 40 years, pregnancy risk was similar to that reported in the French cohort.

Risk of reoperation
-------------------

Reoperation occurrence is an important patient centered outcome in surgery. It has been used as an indicator of surgical and device performance in high quality studies in various surgical topics including orthopedics, general surgery, and urology.[@ref23] [@ref24] [@ref25] A more than 10-fold higher occurrence of reoperation during the first year following Essure based surgery is a serious safety concern. While reoperation following sterilization procedure can be related to unintended pregnancy, the similar risk of unintended pregnancy for both procedures in our study indicated that additional surgeries were performed to alleviate complications such as device migration or incompatibility after surgery.[@ref26] According to our review of the Manufacturer and User Facility Device Experience (MAUDE) database,[@ref27] most of the adverse events reported by patients for the Essure based procedure were injuries that would require a reoperation (see appendix F in data supplement).

Some of the reoperations after Essure use might potentially be related to "detection bias," as follow-up care is generally required within three months after hysteroscopic sterilization.[@ref28] These follow-up procedures may have helped to detect and manage early device failures, contributing to the higher reoperation risk found in our study.. However, the three month follow-up requirement may have also favored the Essure based procedure in managing patients and not raising the risk of hospital admission with unintended pregnancy.

Strengths and limitations of study
----------------------------------

There are a few limitations in our study using New York State data. Since patients are not likely to be hospitalized or go to emergency room for pelvic pain or changes in menstrual cycle, we were unable to investigate risk of developing pelvic pain or having prolonged menstrual cycle following the procedures. Our outcome of interest was reoperation (repeated sterilization) procedure. We were unable to identify women who did not undergo procedures to manage device related complications or if reoperation was not coded as another sterilization procedure. Hence, we included an appendix with information from the MAUDE database to provide relevant information on other safety events that might not require reoperation. Loss of follow-up may occur as a consequence of relocation of patients to another state or country in two and three year follow-up periods. However, it is unlikely to differentially affect the hysteroscopic and laparoscopic groups. In addition, inherent with administrative databases, identification of comorbidities and outcomes relies on diagnosis and procedure coding. It has been shown to be mostly appropriate but minor coding errors may still occur.[@ref29]

We obtained patient histories of pelvic inflammatory disease, major abdominal surgery, and cesarean section from patients' medical records, some under-coding was possible, potentially leading to residual confounding. However, it is unlikely that this will have a strong impact on our estimates considering adjusted analyses, statistical significance, and the magnitude of the association. Some misclassification of Essure is also possible during the early years of the CPT code's introduction. With Essure procedure misclassified as laparoscopic procedure, however, the bias would be toward null and the real risk of reoperation following hysteroscopic sterilization compared with laparoscopic sterilization would be higher.

Study implications
------------------

In our study using entire New York state all-payer data, we are able to provide evidence that is generalizable to common patient population. This study is aligned with the Idea, Development, Exploration, Assessment, Long-term follow-up (IDEAL) principles that highlights the need of technology surveillance after widespread adoption.[@ref30] We illustrate that large, statewide, "real world" population cohort studies enable evaluation of device or surgery performance after wide adoption. These data, along with national and regional registries, are key tools for long term evaluation of surgical techniques and device technologies.[@ref30] With an estimated 600 000 sterilization procedures performed in the US every year,[@ref31] the device based hysteroscopic sterilization has a major public health impact, and comparative safety and effectiveness of sterilizations are important for decision making by patients and physicians. A registry based study with longer follow-up is warranted to further understand the failure events after device use and improve the safety and efficacy of sterilization procedures.

Conclusions
-----------

Patients undergoing hysteroscopic sterilization have a similar risk of unintended pregnancy but more than 10-fold higher risk of undergoing a reoperation when compared with laparoscopic sterilization. Benefits and risks of both procedures should be discussed with patients for informed decisions making.

### What is already known on this topic

1.  Laparoscopic bilateral tubal ligation has been the primary method of female permanent birth control for decades, and hysteroscopic microinsert device was developed as a less invasive alternative method

2.  Since the procedure's approval, there has been thousands of reports of adverse events related to the use of hysteroscopic sterilization, but there is little information regarding its safety and efficacy compared with tubal ligation

### What this study adds

1.  This population based cohort study found that patients who underwent hysteroscopic sterilization did not have a higher risk of unintended pregnancy than those who underwent laparoscopic tubal ligation

2.  However hysteroscopic sterilization was associated with over 10-fold higher risk of reoperation, and the higher risk of reoperation persisted in various age groups and patients with history of pelvic inflammatory disease
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